ABSTRACT
Genome rearrangement events consist of not only inversions and (for multichromosomal genomes) translocations but also transpositions and inverted transpositions. Unfortunately, parsimony algorithms which find the minimum number of mutations needed to transform one genome into another are available only for inversions and translocations (Hannenhalli, 1996; Hannenhalli and Pevzner, 1999; Tesler, 2002) . Algorithms considering all type of mutations are only approximations (Blanchette et al., 1996; Gu et al., 1999; Eriksen, 2001 ). We started a Bayesian approach to address the problem of rearranging genomes by inversions, transpositions and inverted transpositions (Miklós, 2003) , which combines the methods of Blanchette et al. (1996) and Larget et al. (2002) . The former method considers all types of mutations; however, it is a greedy approximation, and therefore, hard to statistically describe the distribution it gives. The latter method is a Bayesian approach yielding a statistically well-defined posterior distribution, however, it considers only inversions. Our Bayesian approach is based on an evolutionary model allowing all type of mutations. We defined a Markov chain converging to the posterior distribution of trajectories of mutations transforming a genome into another, and empirically showed that the convergence was fast and the posterior distribution of a number * To whom correspondence should be addressed.
of mutations reasonably predicted the true number of mutations that recurred.
Several changes have been made since the first version of our MCMC sampler, to make it faster and easier to use. The most remarkable change in the new version is that we change only a part of the actual trajectory in the Markov chain. Although it provides slower mixing per accepted step in the Markov chain, the acceptance ratio is greater in this sampler, and thus, the overall performance becomes better. Minor algorithmic changes were also implemented, and as a result a sampling step is performed about 10-15 times faster than in the first version.
The method has been integrated into a web server. We provide an on-line server, for which the size of the genomes and the length of the Markov chain is limited, and the users are not allowed to submit a job until their previous job is completed. We also offer a downloadable version, which can be installed locally to the user's computer without the above-mentioned limitations and a database of gene orders found in the mitochondrial genomes.
The user does not have to transform genomes into signed permutations, the server automatically selects the intersection of common genes in the two genomes and generates the corresponding signed permutation. The server provides the following statistics in the text as '.pdf' and '.ps' files:
• The joint posterior distribution of number of inversions and transpositions happened (Fig. 1 ).
• The posterior distribution of length of inversions and transpositions (Fig. 2 ).
• The posterior distribution of number of events happened at a site.
For example, a mutation causing a breakpoint between genes +g 1 and +g 2 counts as a mutation after g 1 and a mutation before g 2 (Fig. 3 ).
• The log-likelihood trace (Fig. 4) .
• The trajectories sampled by the Markov chain (a sample trajectory in Table 1 ).
The MCMC sampler and postscript generating algorithms are written in C. The web interface is written in php 4. and invokes the compiled C codes. In the downloadable unlimited version, we have provided details on how to use the compiled C codes in command line, which helps the user to write short scripts driving long runs of investigations. The command line version works without having to install a web server.
